Background: Interpreting an electrocardiogram (ECG) is not only one of the most important parts of clinical diagnostics but also one of the most difficult topics to teach and learn. In order to enable medical students to master ECG interpretation skills in a limited teaching period, the flipped teaching method has been recommended by previous research to improve teaching effect on undergraduate ECG learning.
Background
Medical Diagnostics is one of the core courses in the higher medical education curriculum in China. It is an important bridging course and provides a transition from basic to clinical medicine. This course covers medical history, physical examinations, laboratory tests and examinations, and the rationale behind a clinical diagnosis. This course aims to teach learners to apply basic medical theory, basic medical knowledge, and basic medical skills for the analysis, judgment, diagnosis, and classification of diseases. Although the traditional LBL method used for teaching Medical Diagnostics is effective for learning a significant part of the content, this method has also been criticized by many researchers as being ineffective to help students acquire the necessary knowledge and skills. When used as the only teaching method, it has negative effects because the students are passive during the lecture and have almost no time to take the initiative to understand, think, and develop problem-solving skills [1, 2] . Moreover, the students have almost no opportunity to receive individualized instruction or experience independent learning, because communicating the theoretical knowledge and basic principle contents take up a significant amount of the classroom teaching time. Furthermore, the teachers are also unable to meet the specific demands of each student during such sessions [3, 4] . Thus, it is important to explore methods that have the potential to maximize the use of classroom time and transform the classroom into a platform for teacher-student interactions and student thinking.
The flipped classroom has emerged in the context of the widespread use of information technology and the Internet, and it complements the traditional teaching models [5, 6] . As early as 1996, a study by Lage et al. from the School of Business at the University of Miami proposed an "inverted classroom" and a change in the traditional order of pre-class and in-class studies [5] . Subsequently, Wesley Baker proposed a "classroom flipping" model [6] . Baker described the nature of flipped learning for the first time and emphasized that the teacher was no longer the authority on the podium ("Sage on the Stage") in a flipped classroom but had instead become a mentor for the students (Guide on the Side). In the flipped teaching mode, students view the video-on-demand according to their knowledge levels. They can selectively "listen" to the lecture but can also replay key and difficult content. In the classroom, time is sufficiently and appropriately used for face-to-face discussions between the teachers and students. These discussions are focused on improving understanding of the core and difficult parts of the course, at times about controversial topics and for promoting the migration and application of knowledge [7] . The flipped classroom provides the option of transferring knowledge outside the classroom as well, thereby allowing students to freely choose the most suitable method to acquire knowledge. This model consigns the process of integrating knowledge to class time, in order to enhance interactions and deepen collaborations among students and between students and the teacher. This system converts the passive acceptance in traditional classroom learning into selfexploration by respecting the individual characteristics of cognitive learning [7] .
Recently, the flipped classroom has been adopted by an increasing number of medical schools [7] [8] [9] [10] [11] [12] [13] [14] . EA van Vliet et al. found that flipped-class pedagogy enhanced student metacognition and collaborative-learning strategies [7] . Gorres-Martens BK et al. also revealed that positive outcomes increased over time with the implementation of a flipped teaching model [9] , while Bossaer JB et al. found that the students who experienced the flipped classroom approach performed poorer on examination questions compared with the lecture cohort in a pharmacotherapy oncology module [8] . This poses the research problem of gauging the advantages and disadvantages of using the flipped classroom method for medical education-determining whether it is a friend or foe. Further research is needed to determine the efficiency of the flipped classroom teaching method for medical teaching.
To further develop this context, we introduced flipped classroom teaching into the teaching of Medical Diagnostics. The topic of ECG in Medical Diagnostics was selected as a research subject because it is a standalone unit containing relatively independent content, which would ensure that few distractions affect the study results; however, it is also an abstract principle of knowledge that is difficult to understand, and requires a high level of application. We sought to observe whether flipped classroom teaching improved the effects of teaching in the limited time period, and investigated the students' and teachers' attitudes towards the flipped classroom. We were also interested in exploring the feasibility and value of the flipped classroom for the teaching of Medical Diagnosis, and aimed to provide a theoretical basis for a wider range of its applications.
Methods

Study design
A randomized controlled trial (RCT) study was performed with students as the research participants. A total of 181 junior-year students majoring in clinical medicine participated in this study during the academic year 2015-16. The students were further grouped into two groups using a computer-based random digital method. Ninety students were in the flipped classroom group, whereas the control group included ninety-one students who were taught using the LBL method.
Teaching method
The two groups of students received the same textbook [15] , the same syllabus, and the same practical guidance. They also had the same instructors, teaching schedule, and examination format. In the ECG chapter, the respective groups were taught using flipped classroom teaching or LBL. The ECG chapter consisted of three classroom units for which classes were held over three consecutive weeks (Table 1 ). The following specific teaching methods were used:
Flipped classroom method (see Fig. 1 B. Student preparation: Ten days prior to the classes, the teachers clarified the purpose of the teaching and curriculum to the students, informed the students about the procedures and requirements of flipped classroom learning and obtained written informed consent from the students. One week before each teaching unit was administered, teaching assistants announced the links on the micro-lesson learning platform and discussion site and issued reading materials, including textbook sections, PowerPoint courseware, supplementary teaching materials for the ECG, and ECG exercise information. The teaching assistants divided the students into 8 groups by computerbased random digital method, with 11-12 students per group. The groups chose their leaders who determined the time for micro-lesson learning and coordinated their respective teams to address the questions and exercises. During the learning period, the teams were free to discuss the online course content with their own teams. One day before the class for each teaching unit, the teaching assistants collected the assignments and exercises and submitted them to the instructors.
C. Equipment: The teaching assistants booked classrooms with tablets and a network interface in advance and tested the voting machines and other equipment.
Classroom phase
The 135 min for each teaching unit was divided into four stages. In the first stage, teachers attempted to clarify any doubts that the students had. Based on the assignments and discussions on the website, the teachers spoke about on the difficulties and problems exposed during student learning. This stage lasted approximately 20 min. The second stage was an interactive discussion between the teachers and students. The students freely asked questions that could be answered either by other students or by the teacher. This stage lasted approximately 40 min. In the third stage, the teacher gave a succinct lecture. The teacher emphasized the major and difficult aspects of this unit. Depending on whether students raised any concerns and based on their feedback, the teacher briefly asked questions after key points or offered a teacher-student interaction session, such as time for questions and answers. This stage lasted approximately 30 min. In the fourth stage, the students performed exercises. The teacher presented an ECG, and the groups competed to analyse the graphs. The group that won the right to answer sent a representative to explain the ECG; the other teams could provide supplementary answers, ask questions, or participate in discussions. The teacher provided simple reviews. Finally, the groups anonymously voted for the group that contributed the most to a correct interpretation (including the group that provided the key analysis and the group that contributed to the interpretation and supplementary discussion). This stage included discussions of 8-10 ECGs and lasted for approximately 45 min. 3. After-school review After the lecture, the students replayed the microvideo lessons to review difficult points according to their individual ability to understand the content. They were also able to use the course platform for group study and could ask the teacher, or teaching assistant, questions. 
LBL method
The teaching assistant of the control group distributed reading materials prior to class, including the corresponding textbook chapters, electrocardiogram supplementary teaching materials, and ECG exercises. During class, the LBL method was used as followed. Each teaching unit contained a 125-min lecture followed by approximately 10 min of answering questions. After class, the teaching assistant provided the PPTs used for holding the lecture. Prior to and after class, the students were free to learn based on their preference.
Evaluation methods
One week after the topic was presented using respective teaching methods, both groups received a test to assess their understanding of the content. The assessment included questions concerning ECG interpretation that were prepared in advance by the teachers. The assessment primarily tested the ability of the students to analyse and diagnose typical lesions on an ECG. The test contained 10 ECG questions. Some questions contained a short summary of medical records and required the students to make a comprehensive and accurate ECG diagnosis. The examinations were held in a ComputerAssisted Instruction (CAI) classroom on a computer. The different groups of students received the same questions but in a different order. Two minutes were given for students to answer each question, and the total time was twenty minutes. The two test papers were previously assessed to ensure consistency in difficulty levels. The test scores of the two groups were compared and statistically analysed. A self-administered questionnaire was used to evaluate the students' attitudes and learning experiences under each teaching method. The opinions about the flipped classroom were only collected from the test group. The questionnaire contained 14 entries and was graded using a five-point Likert scale with 1 indicating "very dissatisfied" and 5 indicating "very satisfied" [16] . The total time of learning and other related information between the two groups were collected using fill-in-the-blank questions in the questionnaire.
We also conducted semi-structured interviews of teachers to understand their experiences of both the flipped classroom and LBL method. Teachers who participated in the interviews talked about the time they spent and other learnings. In addition, they were asked to provide a subjective evaluation of the teaching atmosphere and the perceived effects of the respective teaching method they used. Twenty teachers were interviewed, and they were recorded using videos. Examples of questions include the following: How much time did you spend? What were the other types of learning trainings? What is your opinion of the flipped classroom and why? Based on the information conveyed in the video recordings of the interviews, we calculated the total average time spent and categorized the interview responses based on similarities. You could find the detailed information for interview questionnaire on teacher's attitudes towards the two pedagogics in the Additional file 1.
Statistical analysis
The results were analysed using the SPSS 17.0 statistical software package. The data are presented as the mean ± sd or in percentages with α = 0.05 as the level of significance. The data were first subjected to the Kolmogorov-Smirnov normal distribution test after which the variance was tested using Levene's Test for Equality of Variances. Data that passed the test were subjected to a t-test while data with non-normal distributions were tested using the ranksum test. The test scores of the two groups after the teaching intervention and the time invested by the two groups of students were compared with an independent sample t test. The scores of the questionnaire results were compared using the Wilcoxon signed-rank test.
Results
Baseline student characteristics
A total of 181 students were enrolled in our study. All the participants had provided their consent. There were no significant differences between the two groups in terms of baseline variables, such as age, gender ratio or core course grade point averages in the past year (See Table 2 ).
Comparison of ECG scores of the two groups
The ECG interpretation test was administered a week after the topics were communicated via the respective method to each group. The students in the flipped classroom group scored significantly higher than the control group (8.72 ± 1.01 vs 8.03 ± 1.01, t = 4.549, P = 0.000). See Fig. 2 for details.
Students' attitudes towards the flipped classroom
A total of 181 questionnaires were returned with a return rate of 100%. The ninety questionnaires from the flipped classroom group revealed that the vast majority of the students held positive attitudes toward the flipped classroom and also supported the LBL method. There was no significant difference (4.07 ± 0.96 vs 4.16 ± 0.89, Z = − 0.948, P = 0.343). Most students chose "agree or strongly agree" on the following entries: "The flipped classroom stimulated interest in learning," "The flipped classroom was helpful in my self-directed learning," "I benefited from the teacher's lecture on key points," "I benefited from the question-and-answer sessions by teachers in the flipped classroom," and "I benefited from class discussion with peers." These items received, on average, higher than four points on the five-point Likert scale. Students awarded "I benefited from the teacher's lecture on key points" and "I benefited from the questionand-answer sessions by teachers in the flipped classroom" significantly higher scores than "I benefited from class discussion with peers" (z = 2.587, P = 0.010 & z = 3.138, P = 0.002). The majority of students agreed that "The delivery of knowledge in a flipped classroom is fragmented and unsystematic" and that "The flipped classroom brought an increase in workload." Refer to Table 3 for further details.
Comparison of the investment in studies between the two groups
Prior to the class, the students in the flipped class group devoted significantly more time to learning than those in the control group (42.33 ± 22.19 vs 30.55 ± 10.15, t = 4.586, P = 0.000). However, after class, the times spent by the two groups were not significantly different (56.50 ± 46.80 vs 54.62 ± 31.77, t = 0.317, P = 0.752), as shown in Fig. 3 . The survey showed that the students in the flipped classroom group experienced more diverse learning. The group exposed to LBL usually only read the course material, PPT courseware and class notes for preview and review; however, the students exposed to flipped classroom teaching method used study methods such as finding information in library databases, discussions with peers, repeated studying using instructional videos and other network resources, and expressed the initiative to ask teachers and teaching assistants questions.
Interview on teacher's attitudes towards the flipped classroom and investment in the two pedagogics
The teachers who participated in the flipped classroom stated in their interviews that they invested a significant amount of time and effort in the micro-video production preparatory stage of the flipped classroom (120 h on average). Additionally, all teachers visited many other medical universities in China and Singapore in order to learn how to organize flipped classroom activities, or participated in several seminars about flipped classroom. For the classroom stage, teachers spent more than 30 h on average preparing before the class and 6 h on average after the class in flipped classroom teaching, whereas those who engaged in the LBL method spent only 10 h on average for the preparation and classroom stage. Although teachers' investment, in terms of both time and energy, for the flipped classroom was considerably more than for the LBL method, teachers considered the Fig. 2 ECG test score differences between flipped class group and control group. The ECG test was administered one week after the classes. Students in the flipped class group scored significantly higher than the control group (8.72 ± 1.01 vs 8.03 ± 1.01, t = 4.549, P = 0.000) teaching atmosphere, interest, and enthusiasm towards learning in the flipped classroom to have substantially improved, and considered it worth the additional effort.
Discussion
The results of the students' scores indicated that the flipped classroom is more effective for the achievement of outcomes than LBL. This is apparent in the students' generally positive views towards the flipped classroom. However, interestingly, students also held positive views towards the LBL method with no significant difference between the levels of positivity. The positive points regarding the flipped classroom included general agreement that the flipped classroom stimulated interest in learning and guided self-study. Personalized learning, which is a prominent feature of the flipped classroom, also received recognition from most students. Previous studies [7, [10] [11] [12] [13] [14] revealed that the flipped classroom significantly enabled students to acquire knowledge since the learning effects of the flipped classroom were more desirable than those of the LBL method. This study's results agree with these findings. This study also confirmed that the flipped classroom gave students an advantage in knowledge acquisition.
The following are possible reasons. First, this study revealed that the students in the flipped classroom group invested more time and effort than those in the LBL group. For example, the learning methods used in the flipped classroom group were more diverse. This increased investment in learning may have been an important factor for the higher level of understanding achieved by the experimental group [10, 14] . However, more than half of the flipped classroom group students agreed that they had to spend an increased amount of time and effort for learning via this method. Given the vastness of the medical curriculum, which may result in the increased time spent by students learning particular content to reduce the time spent on another part of the curriculum. This is probably the reason for the positive attitude that students have towards LBL since LBL requires less time. This raises questions about the role of the flipped classroom and could probably explain why students are glad to participate in flipped classroom learning. The reasons for the satisfaction expressed by the students with the flipped classroom could be the following. First, the flipped classroom method of learning shifts the process of delivering knowledge prior to class, thereby providing the students an opportunity for personalized learning before and after class. The students can adjust their learning patterns according to their habits of perception and learning status. The classroom time aids integration of knowledge through student-teacher interactions and discussions between students. The flipped classroom increases the students' interest in learning, improves their sense of self-control and guides selfstudy. These advantages are consistent with the findings of previous studies [11, 14, 17] . Exploring one's potential for learning, meeting individual learning needs, and enhancing self-learning are possible reasons why students are generally satisfied with the flipped classroom. Secondly, in the LBL method, the instructor pays attention to the needs of the majority of the class and ignores individual differences between students. The flipped classroom enables personalized learning, and allows students with different learning habits and abilities to manage their learning rhythms and focus their learning according to their own specific situation. This boosts the cognitive characteristics of each student and contributes to students achieving better results [11] . Thirdly, the flipped classroom assigns relatively low-level cognitive learning, such as memorizing and understanding, outside of the classroom. In the classroom, teaching is accomplished mostly through teacher-student interactions and cooperation between peers, thereby stimulating the students' intellectual potential [7, 12, 18] . The time in the classroom is used to achieve high-level cognitive learning skills, such as analytical thinking, critical thinking, and problem solving [7, 10, 17] . These factors are important reasons due to which students in the flipped classroom outperformed those in the control group.
Interestingly, the questionnaire revealed that the flipped classroom could be used as the most helpful learning tools. Their roles were significantly larger than their roles in the peer discussion. This could be because of the possibility that the students were generally more dependent on traditional lecture-style teaching and lacked confidence in their ability to implement selflearning and peer coaching. Simultaneously, the students also thought that the flipped classroom lacked systematic knowledge transfer methods compared to LBL. The students approved of the flipped classroom to the same extent as LBL. This result indicates that eliminating dependence on the teacher and changing learning modes are both challenges for Chinese students who are accustomed to passively receiving information. Respecting the authority of the lecturer leads to distrust in a new learning model that lacks systematic explanation and instead relies on teacher-student interactions. Although the students in the flipped classroom group achieved remarkably higher scores in the knowledge acquisition test, they nevertheless did not entirely approve of the new teaching model. This finding indicates that a significant amount of work needs to be done to change students' ideas and habits about learning. Additionally, this study was administered at the end of the semester before the exam week, and the flipped classroom required a greater time investment and increased the study load. These could also be reasons why the flipped classroom did not receive a higher level of approval and recognition from the students. These results suggest that there are potential risks associated with the complete replacement of LBL with the flipped classroom in China. In many cases, the educator may need to apply different teaching methods customized to the curriculum and student characteristics.
Although interviews were conducted to investigate the teachers' attitudes towards the flipped classroom, including the factors of teaching investment and evaluation, the reliability of the results needs to be considered due to differences in the subjective experiences of the teachers. Moreover, this was the first time that we had engaged in flipped classroom teaching; therefore, our teaching skills were not yet well developed, and the advantages of the flipped classroom were not fully reflected in what we offered. Overall, in this study, although teachers invested more time and energy into the flipped classroom, they also evaluated it to have greater learning effects. Future studies can attempt to study the impact of the flipped classroom on teachers.
